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• Immunohistochemistry (IHC) images are of high resolution (0.5 um/pixel) and 
are stained for ER, PR, Ki-67 and p53. 
• Image processing can serve an important role in the diagnosis of disease from 
histopathological data due to its ability to process and analyze whole-slide 
digital images. 
• Most of the traditional algorithms do not perform segmentation at a low visual 
level as the spatial relationship between pixels is not often entirely utilized. 
• We developed an algorithm designed to mimic the visual system that utilizes a 
set of image features and identifies discontinuities within each feature domain. 
These features are further combined using a concept in neuroscience to 
generate an intermediate image that is more amenable to traditional tools for 
performing nuclear segmentation. 
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•  Using high resolution images of breast tumor specimens, we have shown a 
biologically-inspired method of achieving an intermediate image with useful 
gradients which can be exploited to segment nuclei. 
•  Adopt an intelligent feature selection approach to tap most salient parts of all 
the feature maps. 
• Develop a computational way to determine weights of individual features 
automatically.  
•  Create a multi-resolution version  of the algorithm to utilize important features at 
multiple scales. 
 
 
 
• The Augmented Feature Summation hypothesis proposes a hierarchical system 
in which different  stimulus features are processed in independent parallel feature 
maps, and then are summed together to form conjunction/ double feature maps. 
•  The Winner Take All selection system treats all the feature maps as if they were 
from a single  neural population and finds the most active unit among them. 
• The algorithm developed  weighs individual features based on trial and error 
and adds another stage to the 10 double feature maps to form a set of 45 triple  
feature maps.  
•  A Gray-Level Co-occurrence Matrix is formed by scaling down the image to 8 
Gray levels. Contrast is used as the measure of salience in order to find the most 
salient combination of features (Orientation,Range + Saturation,Hue is the most 
salient in this case). 
Color-based features:  
Intensity 
Hue 
Saturation Orientation 
  
Texture-based: 
Range Filtering 
  
• Discontinuities in each feature domain are identified by calculating gradient 
magnitudes in x and y directions. 
• Each feature map is normalized by the maximum value of that feature. 
 
Original Image 
  
Most Salient Feature Combination 
Gabor filter mimicking simple cells in visual cortex: 
An illustration for orientation feature 
• The original image is 
separated into individual 
features to create different 
feature maps. 
 
• A Gabor filter with 12 equally 
spaced orientations between 0 
and 360 degrees is used to 
create the Orientation map. 
 
• A Range filter map is created 
by mapping the variability of 
intensity in a 3x3 window over 
all pixels in the image. 
 
 
 
Cell nuclei stained for ER Winner Take All: Most Salient Map 
Contrast =  where, i and j are neighboring pixels 
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a and b represent segmentation results from watershed algorithm 
c and d show the enhanced gradients in an intermediate image from our algorithm 
• To perform a qualitative evaluation of the algorithm, the most salient feature 
map is compared with the watershed segmentation result. 
• Figures (a) and (b) show two cases where watershed fails to segment clumps 
of nuclei. Figures (c) and (d) show the enhanced gradient obtained by using a 
rich set of features which can be used to segment the clump into corresponding 
individual nuclei.   
